Monozygotic (MZ) twinning is considered to be a random event whereas spontaneous dizygotic (DZ) twinning is influenced by several factors. Thus, secular changes in twinning rates are usually explained by changes in DZ twinning alone. Maternal body mass index (BMI) before pregnancy and maternal height are believed to be significant drivers of twinning. Our aim in this study was to explore to what degree maternal body composition influences twinning. Data on births and maternal height and BMI from the Medical Birth Registry Norway (MBRN) was analyzed applying multivariate logistic regression analysis. The results showed that increasing maternal BMI and height has a positive association with twinning. There is an increased risk of DZ twinning for a maternal BMI > 25, OR 1.31-1.43 and for maternal height ≥ 173 cm, OR 1.28. In explaining secular changes in the twinning rate, one has to take into account secular changes in maternal body composition.
INTRODUCTION
Monozygotic (MZ) twinning is considered to be a random event and the rate of monozygotic twinning is mostly stable at 1/3 of twin births in western countries. Spontaneous dizygotic (DZ) twinning is influenced by several factors. Of these, the most important is the mother's age at conception (1,2). Tandberg et al. (3) reported a 2.5 relative risk of having twins for women 38 years old compared to women 20 years old, based on data from the Medical Birth Registry of Norway (MBRN). However, it has also been recognized that maternal body composition has a significant effect on twinning. Several studies have shown an association between obesity (BMI > 30) and dizygotic twinning (4) (5) (6) . These studies also confirm maternal height as an independent factor associated with twinning.
The correlation between age and twinning is believed to be caused by age related increase in levels of Follicle Stimulating Hormone (FSH). Increased FHS levels has also been linked to the relationship between twinning and maternal weight, as obesity is associated with hormonal changes (1) . Through which biological process maternal height is associated with twinning is not known. One possibility is that twinning is linked to diet (7) , and height being a marker of nutrition level will then be associated with twinning. Some evidence points towards the role of insulin growth factor (IGF) which is found in dietary products and meat. IGF is believed to enhance ovarian follicle recruitment and decrease ovum aptoptosis (7) . There is also speculation that twinning is an adaptive natural selection process where lifetime reproductive success is maximized for mothers having twins in environments of abundant food availability -abundant food being associated with increasing height (2) . An underlying motive for investigating possible drivers in twinning stems from the observation that there are significant changes in the secular twinning rate. In the western world twinning has increased noticeably in the last three decades, as noted in several studies (3, 8, 9) . Norway has seen a near doubling of the twinning rate since the start of MBRN in 1967 to the present day. In 1967, 1.01% of all births where twin births, with a maximum in 2002 of 1.97%, and a somewhat lower rate in 2012 of 1.73%.
This trend may be due to delayed childbearing and the introduction of various assisted reproductive technologies (ART). The overall twinning rate has in later years somewhat abated due to changes in in vitro fertilization (IVF) practice with the introduction of elective single embryo transfer (eSET) (10) . Excluding ART pregnancies, reported in MBRN from 1988, the twinning rate in 2012 is 1.43% -an increase of nearly 50% since 1967. One study found that even after excluding ART and adjusting for maternal age for Norway, there was a significant increase in twinning rates from the period 1967-1987 to the period 1988-2004 for all age groups (3). This implies that other factors affecting the twinning rate are at play. As mentioned above, maternal body composition is shown to be significantly associated with DZ twinning. If this is the case, secular changes in maternal body composition in Norwegian women should be considered when explaining changes in the twinning rate. Previous Norwegian twinning studies have not been able to investigate the role of body mass index (BMI) and maternal height in twinning incidence as the mother's weight before pregnancy was not registered in MBRN until 2007.
The purpose of this study was to explore the role of maternal body composition in twinning, based on Norwegian registry data. To get a cursory idea of the magnitude of the maternal body composition effect on the current twinning rate, if any, we also examined the attributable fraction of BMI on twinning. 
MATERIALS AND METHODS
Information on pregnancies and births and maternal characteristics were collected from MBRN, which is a mandatory nationwide birth registry comprising all births in Norway since 1967 (11) . Pregnancies ending after week 12 are notifiable to the MBRN, which thus includes live and still births, and induced abortions after the first trimester. MBRN also contains information on ART (in vitro fertilization and intracytoplasmic sperm injection). Data on maternal height and weight (BMI) before pregnancy were collected from 2007 and onwards, and are currently only reported from around 40% of birth clinics.
Since the registry unit in MBRN is the child, pregnancies with a plurality of two, having a record for each child, were collapsed into one record, thus, counting each twin birth only once. Total number of births in MBRN for the study period (2007-2012) was 361,560. Of these only 139,468 had information on pre pregnancy BMI. Hence, of a total of 361,560 births 222,092 were excluded. Since we were interested in the contributing causes to twin conception all "births" were included regardless of outcome. Births with a higher plurality (greater than two) were excluded. Birth records where there was no ID for the mother, or births which pertained to pregnancies with a plurality >1 but had missing record for the other child were also excluded. One record was excluded due to obvious misreporting of height and weight. No other selection criteria were employed. The final sample comprised 139,379 births (years 2007-2012).
We applied logistic regression analyses to test the effect of BMI and height on twinning. First we modelled overall twinning (regardless of zygosity). As we assumed that only DZ twinning is influenced by BMI and height, and MBRN has no information on zygosity, a second model with only opposite sex twins was analyzed. The models were adjusted for maternal age, parity and smoking before pregnancy, which are believed to influence DZ twinning (2, 5) . Subsequently, analyses were stratified for smoking categories ("not regularly smoking" versus "daily smoking"). Smoking is believed to affect the hormonal balance and increase the probability of double ovulation (12) . Parity has been suggested to have an effect independent of maternal age, although the two are highly correlated (13) .
Reference BMI was 18.5-25 kg/m 2 . Height categories are according to those of Basso et al. (4) for comparison, and reference height was set to 165-168 cm, which includes the sample mean height (166.9 cm). Stata 13SE was used for the analyses (14). The attributable fraction (denoted λ) for BMI was calculated using the formula λ = P E (RR -1) / [ P E (RR -1) + 1], where P E is the proportion of exposed (maternal BMI > 25; reference group BMI 18.5-25) in the sample and RR is the relative risk of twinning compared to the nonexposed group (15) .
RESULTS
Mother's mean BMI before pregnancy was 24.4 (range 11.7-80.0) and mean height was 166.9 (range 132-199) cm. In Table 1 we give summary statistics for the sample on mean age, parity, twin births, ART, smoking, height and weight.
For all twin births BMI was weakly, but significantly associated with twinning (OR 1.01, p=0.004), when BMI was modelled as a continuous variable. However, when categorizing BMI, making the model more easily interpretable, regression outcomes, reported in Table  2 , showed that for all twin births, BMI > 25 was not significantly associated with twinning. For BMI below normal (<18.5), however, there was a decreased risk of twinning (OR 0.66). Height was significantly associated with twinning for maternal height ≥ 173 cm with increased odds of twinning (OR 1.22), and reduced risk for heights < 165 cm (OR 0.85). In an analysis restricted to opposite sexed DZ twins, increasing BMI was significantly associated with twinning. For BMI 25-30 and BMI ≥ 30, the ORs were 1.31 and 1.43, respectively. Low BMI (< 18.5), however, was not significantly associated with a reduced risk of twinning. For maternal height, height ≥ 173 cm was significantly positively associated (OR 1.28) and height < 165 cm negatively (OR 0.78) associated with DZ twinning. For the years 2007-2012 the attributable fraction was 12.0% (95% CI 6.7-20.4%), i.e. the fraction of twinning that could be attributed to a maternal BMI > 25.
DISCUSSION
Our results show that maternal body composition is influencing the risk of twinning, especially DZ twinning. Furthermore, our results confirm findings from The risk of DZ twinning seems to increase linearly with increasing height and BMI. Although speculative, could it be that the probability of having twins is related to body size in the sense that a larger body has more space and resources to carry through a twin pregnancy, which after all is more demanding of the mother (16)? The MBRN data, which this study is based on, only register birth outcome after week 12 of the pregnancy. Hence, what we really measure is body composition in relation to birth outcome and not body composition in relation to spontaneous conception of either DZ or MZ twins, of which we have no information. If so, there might be an increased tendency for a spontaneous fetal reduction or miscarriage in the first trimester for underweight mothers carrying twins. It is well documented that a large part of spontaneous twin conceptions result in singleton births or none through spontaneous fetal reduction or miscarriage -causes of which are unknown (17, 18) . This has some resonance with the theory, mentioned above, that twinning is also part of an adaptive natural selection process associated with food availability and nutrition, but in this case linked to completion of a multiple pregnancy and not multiple ovulation. Results from other studies in this regard are inconclusive. Basso et al. (4) found that BMI < 20 was associated with lower risk of overall twinning. However, Hoekstra et al. (5) found no evidence of significant decreased risk of DZ twinning to MZ twinning for the same BMI category when compared to reference (BMI 20-25), but they did not investigate overall twinning to singletons. Reddy et al. (6) used BMI < 20 as reference but found only evidence of increased risk of DZ twinning for BMI ≥ 30.
Having established that maternal height and weight has an effect on twinning, the question arises whether this effect is strong enough to explain changes in the twinning rate. As mentioned in the introduction, there has been a rise in the twinning rate the last decades, all of which is not explained by maternal age alone, the strongest driver, or other factors. We know that the worldwide increase in prevalence of overweight and obesity is also present in Norway. For women between 20-29 and 30-39 years old, there has been an in excess of 50% increase in overweight and a 3-4 fold increase in obesity in the period 1984-1986 to 2006-2008 (19) . It is reasonable to assume that this increase also has had an effect on the twinning rate, and might account for some of the increase in twinning that has occurred in Norway since the 1980s. MBRN has no information on maternal pre pregnancy BMI prior to 2007 and thus a direct estimate of the effect of changing maternal BMI on the twinning rate is not possible for these two periods. Also, the time interval covered by our data, years 2007-2012, is too narrow to explore secular changes in the twinning rate as a function of changes in maternal BMI. However, for the period 1984-1986 we can, as a proxy, use the BMI distribution of women of fertile age from the HUNT1 study, a population based health survey conducted in the county of NordTrøndelag, Norway (20) . Using these data for the period 1984-1986 with the relative risk of twinning from the MBRN, we estimated the attributable fraction to 9.6% (95% CI 5.2-17.1%). Our result of 12% (95% CI 6.7-20.4%), for the period 2007-2012, is an increase of 2.4 percentage points. Although the confidence intervals are wide and overlapping, this gives an indication that some of the increase in twinning during the last decades might in part be explained by the increased prevalence of overweight and obesity amongst women of fertile age. However, further studies with longer time series of maternal BMI is needed to test this assumption.
Limitations
This study is based on data from MBRN, which is complete for all births in Norway. Maternal weight before pregnancy was only reported from 2007 onwards, and only for around 40% of the birth clinics. To our knowledge there are no specific selection criteria accounting for this underreporting, and it has probably not introduced any bias which would influence the effect estimates. The confidence intervals are relatively wide, and with more complete reporting they would narrow and might change the interpretation of some of the results. However, the main conclusion that body composition is associated with twinning will not be affected.
Another limitation concerns the ability to discriminate between natural conceptions and conceptions by ART. There is an underreporting of ART treatments in MBRN, especially for treatments conducted outside Norway. This could lead to bias as not all ART pregnancies are excluded from analysis. Tandberg et al. (3) concluded that the scope of misclassification of ART pregnancies did not have a substantial influence on the results in their analysis of secular changes in the Norwegian twinning rates; results from their study showed that around 40 multiple pregnancies were underreported each year for the period 1999-2004. Another limitation is that we were not able to adjust for fertility enhancing treatments which are not recorded in the MBRN database. If these treatments are associated with some of our independent variables and the outcome, they could influence the effect estimate of the variable of interest. Finally, it should be noted that in the calculation of the attributable fraction, the RRs are unadjusted; thus the estimate should be considered as an upper limit of the attributable fraction.
CONCLUSION
We have shown that maternal body composition has an influence on the twinning rate. Twinning is positively associated with increasing height and BMI. Analysis of secular changes in the twinning rate must, in addition to other known factors which are affecting the twinning rate, also take into consideration secular changes in maternal body composition.
